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Long terminal repeat (LTR)-retrotransposons are mobile genetic elements that are ubiquitous in plants 
and constitute a major portion of their nuclear genomes. LTR-retrotransposons possess unique 
properties that make them appropriate for investigating relationships between closely related species 
and populations. The aim of the current study was to employ Ty1-copia group retrotransposons as 
molecular markers in cultivated Egyptian cottons, G. barbadense L. Restriction site analysis of PCR-
amplified Ty1-copia RT domain promoted the construction of a restriction map for each Egyptian 
cultivar. These maps display distinctive patterns of restriction site variation. Furthermore, these 
patterns are capable of differentiating even between cultivars that appear to have diverged only in the 
past 50 years. These results demonstrate that retrotransposon-based molecular markers are 
particularly valuable tools for plant molecular phylogenetic and population genetic studies.  
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Long terminal repeat (LTR)-retrotransposons are mobile 
genetic elements that are ubiquitous in plants and 
constitute a major portion of their nuclear genomes 
(reviewed in Kumar and Bennetzen, 1999). They are 
distributed as interspersed repetitive sequences 
throughout the length of all host chromosomes 
(Casacuberta and Santiago, 2003). LTR-
retrotransposons' high copy number and genome-wide 
distribution is the result of their inherent replicative mode 
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Abbreviations: IN, integrase; LTR, long terminal repeat; PCR, 
polymerase chain reaction; RT, reverse transcriptase gene.  
Panaud, 2005). They transpose via an RNA intermediate 
that is reverse transcribed into extrachromosomal DNA 
and inserted  into  the genome  by  the  encoded  reverse 
transcriptase (RT), RNaseH and integrase (IN) enzymes 
(Freschotte et al., 2002)       
Molecular marker technology is playing a vital role in 
plant biology including: DNA fingerprinting, genetic 
linkage mapping, phylogenetic relationships and 
molecular breeding (Gebhardt et al., 2005). Several DNA-
based markers have been developed to detect 
polymorphisms by studying subsets of the total amount of 
DNA in a genome (Varshney et al., 2005). In this context, 
LTR-retrotransposons possess unique properties that 
make them appropriate for investigating relationships 
between closely related species and populations (Kumar 
and Hirochika, 2001). LTR-retrotransposons appear to 
evolve at significantly higher rates than conventional 
nuclear loci (Purugganan and Wessler, 1995). 
Furthermore, they are: ubiquitous, present in high copy 
numbers, highly heterogeneous, and show insertional 































(Queen et al., 2004).          
In this paper, the development of LTR-
retrotransposons, Ty1-copia group as molecular markers 
in the Egyptian cotton, Gossypium barbadense L., is 
described. We have previously isolated and 
characterized Ty1-copia group retrotransposons in G. 
barbadense L. and its progenitors (Abdel Ghany and 
Zaki, 2003a). They were then further investigated in 
cultivated Egyptian cottons (Hafez and Zaki, 2005; Zaki, 
2005). Egyptian cottons are worldwide renowned for 
being the highest fiber quality among the world's cottons 
(Anonymous, 1997). G. barbadense L. was brought in 
Egypt in the late 19th century and this was followed by the 
Egyptian breeders' efforts to develop several elite G. 
barbadense cultivars, including the Giza cultivars 
(Anonymous, 1992).  
 
 
MATERIALS AND METHODS  
 
Plant materials and genomic DNA extraction 
 
G. barbadense cultivars, employed in the current study, are listed in 






Total DNA was subject to PCR with specific primers to amplify an 
approximately 280 bp region of the Ty1-copia group 
retrotransposons reverse transcriptase (RT) as described 
previously (Abdel Ghany and Zaki, 2003a). Briefly, DNA 
amplifications were carried in an ABI GeneAmp PCR system 9700 
cycler with a denaturing step at 95°C for 5 min and the step cycle 
program set for 45 cycles (with a cycle consisting of denaturing 
94°C for 30 s, annealing at 47°C for 1 min and extension step at 




Restriction site variation analysis 
 
For each cultivar, PCR-amplified fragment was cut separately with 
each of the following restriction enzymes: AluI, AlwI, Alw21I, BfaI, 
BglI, CfoI, DpnI, DpnII, HgiAI, HinfI, HindIII, HaeIII, RsaI, Sau3AI,  




and TaqI. The restricted DNA was then run in 3% NuSieve agarose 
gel and visualized using ethidium bromide staining.    
 
 
Restriction maps and phylogenetic analysis 
 
Restriction maps were constructed for the PCR-amplified RT 
sequence. PAUP was employed to infer the molecular evolutionary 
relationships between the Egyptian cotton cultivars (Swofford, 
1993). Sites were scored as being present, absent or polymorphic 
as previously described (Purugganan and Wessler, 1995).   
 
 
RESULTS AND DISCUSSION 
 
Despite the fact that the Egyptian cottons produce the 
longest, strongest and finest cotton fibers, yet they show 
significant variation for agriculturally important traits 
(Abdalla et al., 2001). Thus, an understanding of the 
genetic relationships of modern cultivars and their 
progenitors is imperative for further utilization of cotton 
genetic diversity in the development of superior cultivars 
(Abdel Ghany and Zaki, 2003b).     The aim of the current 
study, therefore, was to develop LTR-retrotransposons as 
molecular markers in G. barbadense L. 
PCR amplification generates the expected 280 bp Ty1-
copia group retrotransposons from all Egyptian cotton 
cultivars (Abdel Ghany and Zaki, 2003a). This 280 bp 
region contains the RT domain of Ty1-copia group 
retrotransposons. The PCR-amplified band should 
contain copies from different Ty1-copia family members 
residing within each genome (Hafez and Zaki, 2005; Zaki, 
2005). Fifteen different restriction enzymes (ten four-
cutter, three five-cutter, and two six-cutter enzymes 
respectively) were employed to analyze the PCR-
amplified DNA from different Egyptian cotton cultivars.  
The restriction site analysis promoted the construction 
of a restriction map for each Egyptian cultivar (Figure 1). 
These maps display distinctive patterns of restriction site 
variation. Furthermore, these patterns are capable of 
differentiating even between cultivars that appear to have 
diverged only in the past 50 years (Giza 70, 71, and 83). 
According to pedigree records, Ashmouni is the 
progenitor of the current Egyptian cultivars (Anonymous, 
1992). This is substantiated by Ty1-copia RT restriction 
maps, which show HindIII restriction site conservation in 
all cultivars (Figure 1). 
Restriction maps of PCR-amplified Ty1-copia RT 
domain from different Egyptian cotton cultivars revealed 
restriction site variations. These variations include:  
restriction site(s) loss and gain (e.g., AluI in G36 and 70 
respectively). The observed restriction site 
polymorphisms result from the amplification of divergent 
copies of Ty1-copia family within a genome (Abdel Ghany 
and Zaki, 2003a). This high level of polymorphisms was 
confirmed by sequence analysis of Ty1-copia RT 
domains within G. barbadense genomes (Hafez and Zaki, 
2005; Zaki, 2005). It is noteworthy that the high 
retrotransposon sequence  divergence  is  also  promoted  





































Figure 1. Restriction map of PCR-amplified Ty1-copia RT domain from different 




by the RT-mediated retrotransposition process, which is 
error-prone and results in mutation rates as much as 103 
times the rate of their counterpart conventional genes 
(Coffin et al., 1997).           
Restriction maps of PCR-amplified Ty1-copia DNA 
were then employed to deduce the relationships between 
the different Egyptian cultivars (Figure 2). Sites were 
scored as being present, absent or polymorphic 
(Swofford, 1993). The phylogenetic tree, which was 
inferred using parsimony analysis, clusters all G. 
barbadense L. cultivars together in one group and thus 
showing their monophyletic origin. Furthermore, it mirrors 
sequence site variations as evident to the branch lengths 
which are proportional to the degree of sequence 
divergence. The inferred tree is concordant with the 
phylogeny of Gossypium as determined from chloroplast 
DNA restriction site polymorphism data (Wendel, 1989). 
Our data indicate that different Ty1-copia group 
retrotransposons show different levels of polymorphism in 
the Egyptian cotton cultivars. This is not surprising, as it 
is known that these elements encompass very 
heterogeneous families (Hafez and Zaki, 2005; Zaki, 
2005). Their encoded transcripts were detected in their 
related respective young seedlings using RNA slot-blot 
hybridization, suggesting their transcriptional activity 
(Abdel Ghany and Zaki, 2003a). Furthermore, G. 
barbadense L. represents an allopolyploid cotton that 
appears to have arisen as a consequence of trans-
oceanic dispersal of an A-genome taxon to the New 
World followed by hybridization with an indigenous D-
genome diploid (Wendel and Cronn, 2003). As they 
replicate and insert at multiple sites into the Gossypium 
genome, individual retrotransposons can potentially serve 
as markers of diversity. Different retrotransposon 
families, each with its own lineage and structure, have 
the potential to have been active at distinct phases in the 
evolution of these cultivars. 
The current report demonstrates the utility of a PCR-
based method to deduce patterns of restriction site 
variation between Ty1-copia RT copies within a genome. 
Ty1-copia RT substantial sequence diversity promotes 
these sequences to be utilized as molecular markers. 
LTR-retrotransposons proliferation via transposition, 
duplication, and interspecific transfer, provides a 
potentially large pool of useful polymorphic nuclear loci 





















































































Figure 2. Phylogenetic tree showing evolutionary relationship between Egyptian cotton 
cultivars.  The numbers on the branches represent branch length.  
 
 
1995). Our results contribute and exemplify the 
increasingly reports of retrotransposon-based molecular 
markers in plant genomes (Ellis et al., 1998; Casa et al., 
2000; Yu and Wise, 2000; Leigh et al., 2003; Queen et 
al., 2004). These examples, taken from across the 
phylogenetic spectrum, illustrate that retrotransposon-
based molecular markers are particularly valuable tools 
for plant molecular phylogenetic and population genetic 
studies.  
LTR-retrotransposons represent a standard component 
of the Gossypium Genome (Zaki and Abdel Ghany, 
2003). The analysis of the molecular existence and 
distribution of ancient and active LTR-retrotransposons, 
therefore, provides a comprehensive evaluation of the 
evolutionary history of Gossypium. Their differential 
distributions promote their valuable use for marker-
assisted selection (Abdel Ghany and Zaki, 2003b). It is 
known that one of major limitations to the application of 
genomic technology in cotton improvement is the paucity 
of informative DNA markers. In this context, LTR-
retrotransposons map in the Gossypium genome is 
currently being investigated. The availability of such map 
will indeed create new research opportunities and have 
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